
Transit method tel ls us about diameter

Radial  Velocity tel ls us about mass

Earth based instruments use the radial velocity method 
to determine the mass of a planet of a solar system far 
away. Because of the laws of gravity, a planet orbiting 
around its star will slightly attract the latter, thus making 
the star «  wobble  » around. The amplitude of the star’s 
wobble is directly proportional to the mass of the orbiting 
planet: the heavier the planet, the larger the movement of 
the central star. This movement can be measured from 
Earth. The world’s most accurate spectrograph using this 
method is HARPS. It is mounted in the light path of a 
3.6  meter diameter telescope in La Silla, Chile and was 
built under the leadership of the University of Geneva. It 
will deliver a significant number of low mass exoplanets 
as observing targets for CHEOPS. 

When an exoplanet orbiting around its star « transits » it 
appears from far away as a small disc moving in front of 
its star, thus making it less bright. The size of the eclipsing 
planet determines the amount of the decrease of light. If 
Earth wanders in front of  the Sun, a far-away observer 
would measure a decrease of sunlight  of about one 
ten-thousandth. The instrument on CHEOPS is able to 
measure such fine variations of the brightness. Thanks to 
these data, scientists can deduce the diameter of planets 
in distant solar systems.

Partner institutions in eleven European countries 
contribute to the realisation of the space mission 
CHEOPS under co-leadership between Switzerland 
and the European Space Agency (ESA).

Scientific institutions: CSH University of Bern, University 
of Geneva, Swiss Space Center, EPF Lausanne.
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Is there life elsewhere? 

Are we alone?



Transiting exoplanets: since 2000



The Kepler era: since 2009
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TESS CHEOPS

PLATO ARIEL

Dedicated exoplanet space telescopes till 2030



April 2018: TESS

• Transiting Exoplanet Survey Satellite 

Bright stars (<~10 magn.), whole sky in two years 

Four 10.5 cm cameras, 1/24th of the sky with CCDs 
(24 x 96 deg FoV) 

(Short period) transiting exoplanets 

Lot of additional science 

NASA mission, PI George Ricker (MIT)



(NASA)



Observability durations

(NASA)



TESS spectral 
sensitivity 

TESS vs. 
Kepler: more  
sensitive to  
red dwarfs

(NASA)



TESS vs. Kepler: the survey volumes 

(NASA)



2018/19: CHEOPS

• CHaracterising ExOPlanet Satellite 

Known exoplanet host stars (V<12 mag) 

A single 33 cm RC telescope, unfiltered CCD 

Follow-up measurements 

Lot of additional science 

ESA S1 mission, PI Willy Benz (Univ. Bern)
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For super-Earths, the degeneracy of possible structures lies in the difficulty to estimate the respective 
amounts of metals in the core (mainly iron), rocks (silicates in the mantle), volatile species (mainly water), 
and even gas (H/He). For instance, two planets, one made of silicates, and one made of iron and water, can 
have the same mass and radius. However, it is possible, based on the determination of both the mass and 
radius, to determine unambiguously a minimum mass of gas in planets. Indeed, all planets located above the 
solid blue curve in Figure 6 should have a sizeable H/He-gas atmosphere (see, e.g., Kipping et al. 2013): for 
a given mass, the radius of a pure water planet represents an upper limit for the radius of a planet devoid of 
H/He. Therefore, a lower limit to the envelope mass can be derived by matching the observed radius and 
mass, assuming a pure-water ice core, a composition of the envelope, and a temperature (corresponding to 
the equilibrium temperature with the stellar flux, an adequate assumption if the planet is not located too close 
to its star). 

 
Figure 6 | Mass-radius relationship for different bulk composition of the planet (adapted from Wagner et al. 2011) with 
superimposed known transiting super-Earths where both the mass and the radius of the planet have been measured 
(with the 1-σ errors on these parameters). So far, in most cases the error bars are too large to obtain an unambiguous 
measurement of the bulk structure of the planets. 

For those planets located below the 100%-water model in Figure 6 (solid blue curve), it is in general not 
possible to disentangle the fraction of volatile species from the fraction of H/He gas. The class of exoplanets 
that are so close to their parent star that they have lost their H/He envelope as a result of erosion by stellar 
irradiation (see §2.2.2.3) represents a notable exception to this problem. This may have happened to super-
Earths such as Corot-7b, Kepler-10b, Kepler-78b or 55 Cancri e (Lecavelier des Etangs 2007; Valencia et al. 
2010; Ehrenreich & Désert 2011; Gillon et al. 2012; Pepe et al. 2013). In such cases, it could be possible to 
derive the planetary radius as a function of planetary mass, given the (measured) stellar abundances and 
assuming a mass fraction of volatile species. 

The comparison between the observed and the theoretical radii could therefore be used to yield first-order 
constraints on the amount of volatiles in the class of highly irradiated planets. This volatile fraction is in fact 
the dominant parameter influencing the radius of a super-Earth in the absence of H/He (Grasset et al. 2009). 
The CHEOPS precision on the radius measurements (< 10%; see §2.2.1.3) will allow us to determine the 
fraction of volatiles on a hot super-Earth devoid of a H/He gas envelope with an uncertainty ≲ 33% (Grasset 
et al. 2009). 

For super-Earths at larger separations from their host stars and thus in milder conditions in terms of stellar 
irradiation, an important consequence of the presence of a massive envelope of volatile species is the 
formation of a high-pressure ice mantle enshrouding the rocky core. In fact, according to the phase diagram 
of water, high-pressure ices can exist at temperatures up to ~1 000 K for pressures of ~100 GPa. These 

(CHEOPS Red Book)



2026/27: PLATO

• PLAnetary Transits and Oscillations of stars 

Large samples of bright stars (~4-16 mag) for 
months to years 

24+2 12 cm cameras, FoV=2232 sq. deg. 

Discovery of transiting exoplanets, asteroseismic 
characterisation of the central stars 

ESA M3 mission, PI Heike Rauer (DLR, Berlin)
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to permit full characterisation of the transiting planet. PLATO’s main detection range is however V≤11, and 
it will thus provide large numbers of targets that are suitable for follow-up spectral characterisation.  

 

 
Figure 2.1: Current status of planet detections. Blue dots indicate RV detections with m sin i limits. Red dots are transit 
detections (update from Rauer et al. 2014).  

While future RV searches for small planets in the habitable zone of Sun-like stars (e.g. the ESPRESSO 
project; Pepe et al. 2014) will help to unveil the presence of Earth-like planets, on Earth-like orbits around 
Sun-like stars, the numbers of such planets will be small. Furthermore, since their geometric transit 
probability is ~0.5%, the chance of finding subsequent transits will be rather low, leaving their radius and 
thus their exact nature unknown. Fortunately, a large scale, wide-angle, space-based transit survey like 
PLATO can be optimised by observing a very large number of stars simultaneously, and by adopting an 
appropriate observing strategy. 

 

 

 

 

 

Figure 2.2: Histogram of the visual magnitude of stars hosting exoplanets known to date. The left distribution
(bright red end) corresponds to planets discovered by radial velocity and the right distribution (faint blue end)
to planets discovered by the transit method. There is little overlap between both samples. The PLATO core
sample will provide discoveries around stars brighter than magnitude 11, within reach of ground-based radial
velocity facilities. 

Doppler planets and transiting exoplanets

(PLATO Red Book)
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Figure 2.3: Expected yield of planets with highest characterisation accuracy (from P1 sample) in comparison to 
Kepler and TESS missions for two observing scenarios. Left, expected detection yield of small planets (R < 2 RE) 
around dwarf and sub-giant stars suitable for asteroseismology studies for Kepler (Lundkvist et al. 2016), TESS 
(Campante et al. 2016) and the PLATO core sample  for an observing sequence of 3 years long pointing plus 1 year 
step-and-stare phase. We show orbital periods shorter than 150 days. Right, expected detection yield of small planets 
(R < 2 RE) in the habitable zone of solar-like stars for a scenario of 2 long pointings (baseline). For more details about 
how these values were derived, see Section 7.2.3.  
 

In the near future, ESA’s CHEOPS (Broeg et al. 2013) will be the first significant step towards improved 

characterisation of exoplanets, since it will provide bulk properties for a small number of previously detected 

planets around bright stars at short orbital periods. NASA’s TESS (Ricker et al. 2015), in contrast, will 

search over large parts of the sky for short-period planets around bright stars. It is expected to detect about 

600 small planets (Rplanet < 2RE) among their pre-selected target stars, most of them orbiting M dwarfs 

(Sullivan et al. 2015). In contrast to PLATO, TESS will focus mainly on planets in short period orbits (up to 

approximately 20 days) because of its pointing strategy. Its yield of small, long-period planets is expected to 

be low, since only the ecliptic poles (~2% of the sky) will be covered for a whole year. In the next decade, 

PLATO is the only mission able to discover and characterise small planets in long period orbits around solar-

like stars.  

PLATO was designed to maximise the yield of detected small planets around bright stars that could be 

characterised with asteroseismology and followed-up with RV from the ground. The left part of Figure 2.3 

shows the comparison of the performance of Kepler, TESS, and PLATO for this scientific goal. The Kepler 

data are taken from Lundkvist et al. (2016), which builds on the work by Huber et al. (2013) and Silva 

Aguirre et al. (2015). For the list of planetary systems from Lundkvist et al. (2016), we take planetary 

parameters from the NASA Exoplanet Archive (status August 2016) for all planets smaller than 2 RE, which 

add up to 86 planets. For TESS we follow the approach of Campante et al. (2016), who has studied the 

capability of TESS for obtaining asteroseismic information for dwarf and subgiant stars. We take the 

detection limits from Campante et al. (2016), and we extract from the planetary catalogue by Sullivan et al. 

(2015) the expected yield of small planets orbiting dwarf and sub-giant stars characterised with 

asteroseismology, which add up to 22 planets. For PLATO we follow the procedure described in Section 

7.2.3. There are no planets from Kepler or TESS with orbital periods beyond 150 days, that is, no small 

planets in the habitable zone of dwarf and sub-giant stars characterised with asteroseismology with Kepler or 

TESS (unless by single transit detections). PLATO outnumbers the performance of Kepler and TESS for 

planets with bright host stars for asteroseismology. 

While TESS will have a sizeable impact on the detection of small planets around stars close to our solar 

system, it will not address the science case of characterising rocky planets at intermediate distances (a > 0.3 

au) around Sun-like stars. This goal remains unique to PLATO. Whether our solar system is typical or 

special will thus remain unclear until we can reliably detect and characterise Earth-like planets, in Earth-like 

orbits, around all kinds of bright host stars. Detecting these planets, and accurately and precisely determining 

their radii, masses, bulk densities, and ages, is the primary objective of PLATO. 

(PLATO Red Book)
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The design is based on an inversion of the classical separation of SVM and PLM. While the PLM constitutes 
the main satellite bus the SVM is mounted on it. Despite this, this configuration allows parallel integration of 
the SVM and PLM.  

The heavily camera-loaded side panel however leads to a large offset of the centre of mass, which requires a 
specific launch vehicle adapter geometrically compensating for it that has been studied jointly with 
Arianespace. The mass of the PLATO Airbus spacecraft is about 2134 kg at launch for a 30 cameras payload 
complement, heavier than the 26 cameras baseline, including launch adapter and 103 kg of propellant, and it 
generates about 1950 W of power, all margins included.  

5.4.2 OHB – Spacecraft design – PLM and SVM separation 
The spacecraft is based on a separation between SVM and PLM as illustrated in Figure 5.10 to isolate the 
PLM as much as possible from the SVM thermal dissipations and mechanical distortions, which is a rather 
classical scheme for science missions as it was used for Herschel and is foreseen for Euclid. This modular 
scheme allows parallel integration of the SVM and PLM.  

The PLM functionally consists of the set of 26 cameras, the optical bench assembly, the payload harness and 
the payload electronics, even though the latter are physically located on the SVM to limit their adverse 
impact on the cameras stability.  

The SVM, which base shape is quasi-hexagonal, accommodates all the platform equipment necessary to 
support the functions of the payload module, that is, DHS, TT&C, sunshield/solar arrays and power sub-
system, AOCS and propulsion. This equipment is mostly mounted on the SVM side panels with a few 
exceptions such as the star trackers (on the SVM top panel), the thrusters, the HGA (on the SVM bottom 
panel) and the 2 propellant tanks of 96 L each equatorially mounted within the central tube. This 1666 mm 
central tube made of CFRP provides the main load bearing path and interfaces on one side to the 1666 mm 
standard launch adapter and on the top side with the optical bench module. One of the side panels is 
dedicated to the payload electronic units and most side panels act as radiators to evacuate the heat towards 
deep space.      

 

 
 

Figure 5.10: OHB spacecraft: separated PLM and SVM configuration. 

 

The spacecraft height is about 4 m and its width 5.3 m from solar array tip to tip when fully deployed. This 
deployed configuration allows the payload to be fully protected from the Sun at any allowed observing 
attitude, while providing power to all units as shown in Figure 5.11.   

Payload	Module	

 

 

 

 
Service	Module	

 



2028: ARIEL

• Atmospheric Remote-sensing Infrared Exoplanet 
Large-survey 

Infrared spectroscopy of ~1000 exoplanets 

~1 m IR telescope at L2 

0,5-8 micron spectra for atmospheric 
characterisation  

ESA M4 mission, PI Giovanna Tinetti (UCL)
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1 Executive Summary  
The ARIEL mission will address the fundamental questions on what exoplanets are made of and how 
planetary systems form and evolve by investigating the atmospheres of many hundreds of diverse planets 
orbiting different types of stars. This unbiased survey will contribute to the progress in answering the first of 
the four ambitious topics listed in the ESA’s Cosmic Vision: “What are the conditions for planet formation 
and the emergence of life?” 

Thousands of exoplanets have now been discovered with a huge range of masses, sizes and orbits: from 
rocky Earth-like planets to large gas giants grazing the surface of their host star. However, the essential 
nature of these exoplanets remains largely mysterious: there is no known, discernible pattern linking the 
presence, size, or orbital parameters of a planet to the nature of its parent star. We have little idea whether the 
chemistry of a planet is linked to its formation environment, or whether the type of host star drives the 
physics and chemistry of the planet’s birth, and evolution.  

ARIEL will observe a large number (~1000) of transiting planets for statistical understanding, 
including gas giants, Neptunes, super-Earths and Earth-size planets around a range of host star types using 
transit spectroscopy in the 1.25-7.8 μm spectral range and multiple narrow-band photometry in the optical. 
We will focus on warm and hot planets to take advantage of their well-mixed atmospheres which should 
show minimal condensation and sequestration of high-Z materials and thus reveal their bulk and elemental 
composition (especially C, O, N, S, Si). Observations of these warm/hot exoplanets will allow the 
understanding of the early stages of planetary and atmospheric formation during the nebular phase and the 
following few million years. ARIEL will thus provide a truly representative picture of the chemical nature of 
the exoplanets and relate this directly to the type and chemical environment of the host star.  

For this ambitious scientific programme, ARIEL is designed as a dedicated survey mission for transit 
and eclipse spectroscopy, capable of observing a large and well-defined planet sample within its 4-year 
mission lifetime. Transit, eclipse and phase-curve spectroscopy methods, whereby the signal from the star 
and planet are differentiated using knowledge of the planetary ephemerides, allow us to measure atmospheric 
signals from the planet at levels of 10-100 part per million (ppm) relative to the star and, given the bright 
nature of targets, also allows more sophisticated techniques, such as eclipse mapping, to give a deeper insight 
into the nature of the atmosphere. These types of observations require a specifically designed, stable payload 
and satellite platform with broad, instantaneous wavelength coverage to detect many molecular species, 
probe the thermal structure, identify clouds and monitor the stellar activity. The wavelength range proposed 
covers all the expected major atmospheric gases from e.g. H2O, CO2, CH4 NH3, HCN, H2S through to the 
more exotic metallic compounds, such as TiO, VO, and condensed species. 

Expected output (with error 
bars) from the ARIEL 
processed data product 
compared with the input 
model assumption for a hot 
super-Earth similar to 55-
Cnc-e around a G-type star 
with Kmag of 4. ARIEL 
performances using 8 eclipses 
(~32 hours of observation) 
are compared to currently 
available data for 55 Cnc e 
from Spitzer-IRAC (8 
eclipses, Demory et al., 2016) 
and performances of Hubble-
WFC3 extrapolated from 
transit observations of 55 Cnc 
e (Tsiaras et al., 2016). 

 

(ARIEL ASR)
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5 Mission Design 
This Chapter presents the ARIEL mission analysis (section 5.1) and the two S/C designs coming from the 
parallel industrial studies (sections 5.2 and 5.3), followed by a description of the S/C development plan 
(section 5.4) and an evaluation of the technology readiness (section 5.5). 

Note that the two S/C designs from the industrial contractors include some general design features that are 
common to both of them. These are explained in the following subsections, but the details specific to each 
contractor are not elaborated upon. 

As a support to the reader throughout this Chapter: 

- The spacecraft axes are illustrated in Figure 5-1. 

- The main structural elements that comprise the ARIEL spacecraft are illustrated in Figure 5-2. 

Both of these figures use the baselined payload Consortium PLM on top of an illustrative SVM based on the 
ESA internal CDF study performed at the beginning of the Phase A. They are meant as illustrations only and 
do not reflect the true S/C as designed by the two industrial contractors (see section 5.2 for accurate views of 
the S/C as designed by industry). 

 
Figure 5-1:Illustration of the ARIEL S/C and its reference frame. The origin is at the geometrical centre of the 
separation plane between the LV adapter and the S/C (in the middle of the SVM bottom panel).The ZARIEL axis is 
coincident with the LV longitudinal axis (perpendicular to the separation plane or SVM bottom panel). The (XARIEL, 
YARIEL) axes define the separation plane. XARIEL is parallel to the telescope pointing axis in this plane. YARIEL completes 
the right-handed orthonormal triad. During nominal science operations, the Sun always remains underneath the SVM 
in the -ZARIEL hemisphere, to ensure the PLM is constantly obscured and can be passively cooled. 



What can we expect?




